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DEVICE AND METHOD FOR BALANCING
BATTERY CELLS

The invention concerns electric or hybrid traction auto-
mobile vehicles and more precisely the batteries of these
vehicles.

The batteries of electric or hybrid traction automobile
vehicles generally comprise a plurality of cells disposed in
series. When a battery supplies power to an electric motor,
or when this battery is charged, the voltage at the terminals
of each cell is modified. The modification of the voltage at
the terminals of each cell can vary, causing voltage imbal-
ances between the cells to appear. These voltage imbalances
correspond to imbalances of the state of charge (SOC)
between the cells. Some cells can therefore be charged or
discharged completely before the other cells, and run the risk
of deteriorating. Charging of the battery is stopped as soon
as at least one cell is charged completely; the battery is
discharged as soon as at least one cell is discharged com-
pletely; the imbalances therefore limit the use of the battery.

It is therefore necessary to balance the voltage at the
terminals of each cell of the battery or the state of charge of
each cell of the battery. To this end, it has been proposed to
discharge the overcharged cells into resistances. The bal-
ancing obtained by such a method is obtained after too long
a time compared to the time it takes to charge an electric
vehicle battery and this method has the disadvantage of
generating energy losses.

It has also been proposed to implement active balancing
of the cells of a battery by transferring energy from the
overcharged cells to the least charged cells.

Reference may be made to American patent application
US 2008/0272735 which describes the use of a flyback
topology switching mode power supply circuit utilizing a
transformer with a plurality of secondary windings to bal-
ance the voltages at the terminals of the cells. This solution
has the disadvantage of being costly and of emitting elec-
tromagnetic interference, and the currents generated to
charge and to discharge the cells can damage them.

Reference may also be made to the application WO
2004/049540 which describes the use of a single DC-DC
converter and a semiconductor switching matrix for cell
selection. This switching matrix has the disadvantage of
being costly.

Finally, it has been proposed in American patent appli-
cation US 2005/00 17682 to use a DC-DC converter for each
cell. The use of a converter for each cell has the disadvan-
tage of being costly.

An object of the invention is to improve the balancing of
cells of a battery, by balancing the voltages at the terminals
of these cells, or by balancing their respective states of
charge, and notably to reduce the cost thereof.

In accordance with one aspect, there is proposed a device
for balancing cells of a battery of an electric traction
automobile vehicle, the device comprising a primary wind-
ing disposed in series with a primary switch and for each cell
a circuit comprising in series a secondary winding forming
a transformer with the primary winding, a secondary switch,
a coil and a diode mounted in parallel with the coil and the
cell, and control means of the primary switch and each
secondary switch.

There is obtained in this way a device utilizing a single
primary winding for a plurality of secondary windings,
capable of balancing the voltage at the terminals of the cells
of a battery, or the states of charge of these cells. The use of
a single transformer with a plurality of secondaries also
makes it possible to reduce the cost of the device.
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It will be noted that the device makes it possible to
balance the state of charge of the cells of a battery of an
electric traction automobile vehicle.

The control means are advantageously adapted to gener-
ate pulse width modulation signals intended for the primary
switch and for the secondary switches.

The device may comprise a filter circuit comprising a
capacitor, a coil and a diode, the filter circuit being intended
to be disposed in series between the battery and the primary
winding.

This filter circuit makes it possible to filter the harmonics
linked to the signals generated by the switch control means,
notably the pulse width modulation signals.

The primary switch and the secondary switches are
advantageously MOSFETs.

Alternatively, the secondary switches comprise two
MOSFETs in anti-parallel.

Thus the device uses only a small number of MOSFETs,
which makes it possible to reduce the cost of the device.

In accordance with another aspect there is proposed a
method of balancing cells of a battery of an electric traction
automobile vehicle by means of a device comprising a
primary winding disposed in series with a primary switch
and for each cell a circuit comprising in series a secondary
winding forming a transformer with the primary winding, a
secondary switch, a coil and a diode mounted in parallel
with the coil and the cell, said method comprising generation
of a pulse width modulation signal intended for the primary
switch or for at least one secondary switch.

This method also makes it possible to balance the voltages
at the terminals of the cells of the battery or the state of
charge of the cells of the battery of an electric traction
automobile vehicle.

Advantageously a pulse width modulation signal intended
for the primary switch is generated and the secondary switch
of at least one cell to be charged is closed.

Alternatively a pulse width modulation signal is generated
intended for the secondary switch of at least one cell to be
discharged.

Other advantages and features of the invention will
become apparent in the light of the following description
given by way of nonlimiting example and illustrated by the
appended drawings, in which:

FIG. 1 shows a device in accordance with one embodi-
ment of the invention,

FIG. 2 shows a device in accordance with a second
embodiment of the invention in which the switches are
MOSFETs, and

FIG. 3 shows a device in accordance with a third embodi-
ment of the invention in which the secondary switches
comprise two MOSFETs.

In FIG. 1 there is represented a battery 1 of an electric or
hybrid traction automobile vehicle.

The battery 1 conventionally comprises a plurality of cells
2a, 2b, 2¢ connected in series, here three in number. Of
course, the battery 1 may comprise a greater number of cells,
which have not been represented here for simplicity.

A device 3 for balancing the voltage at the terminals of the
cells 2a, 2b, 2¢ is connected to the terminals of the cells.
This device can also be utilized to balance the states of
charge of the cells, the state of charge of a cell notably
depending on the voltage of that cell.

The balancing device 3 comprises a primary winding 4
disposed in series with a primary switch 5. For each cell of
the battery 1 a secondary winding forms a transformer with
the primary winding 4. Notably represented are the second-
ary windings 65 and 6¢ of the cells 26 and 2¢; the cell 24 and
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the other cells not represented here also include such a
secondary winding, and the circuit described hereinafter.

The secondary windings 65 and 6¢ are disposed in a
circuit also comprising in series with the secondary wind-
ings secondary switches 76 and 7c¢, coils 86 and 8¢ and
finally the cells 26 and 2¢. Diodes 956 and 9c are respectively
mounted in parallel with the coil 85 and the cell 26 and with
the coil 8¢ and the cell 2c.

There is therefore obtained for each cell a topology
commonly referred to as a forward topology but one that
uses a primary winding common to each cell.

The primary switch 5 and the secondary switches are
controlled by control means 10. The control means 10 are
capable of generating pulse width modulation signals or DC
signals intended to close a switch.

Furthermore, a filter circuit 11 comprising in parallel a
capacitor 12, a coil 13 and a diode 14 is disposed in series
between the first cell 2a of the battery 1 and the primary
winding 4. The harmonics generated for example by the
control means 10 when generating pulse width modulation
signals for controlling the switches are therefore filtered by
the filter circuit 11.

The balancing device 3 may also comprise means for
measuring the voltage at the terminals of the cells of the
battery 1. These measuring means are for example con-
nected to the control means 10 and make it possible to
determine if the cells are overcharged or discharged.

For example, charging of the cell 26 includes generation
by the control means 10 of a pulse width modulation signal
intended for the primary switch 5. During this step, the
control means 10 close the secondary switch 75. When the
pulse width modulation signal closes the primary switch 5
the current passes through the secondary switch 76 to the
secondary winding 64. The coil 8b is therefore charged.
When the pulse width modulation signal opens the primary
switch 5 the energy stored in the coil 85 is transferred to the
cell 24, the current flowing through the diode 954. The diode
95 is a so-called free-wheel diode.

Charging of the cell 25 is effected when the voltage at the
terminals of the cell 24 is too low, i.e. when the state of
charge of this cell is too low, and in particular when other
cells are overcharged and can supply power to this cell.

For example, if the cell 2¢ is overcharged, then charging
of the cell 25 is accompanied by discharging of the cell 2¢.
During this discharging, the control means 10 generate a
pulse width modulation signal fed to the secondary switch
7c¢ and close the primary switch 5. When the pulse width
modulation signal closes the secondary switch 7¢ the energy
stored in the coil 8¢ the signal is transferred to the trans-
former consisting of the secondary winding 6¢ and the
primary winding 4.

Efficacious balancing is obtained in this way, the effi-
ciency of which depends on the windings of each circuit and
on the pulse width modulation.

Furthermore, the use of a forward topology makes it
possible to obtain rapid balancing of the voltage at the
terminals of the cells of the battery 1.

In FIG. 2 there is represented a second embodiment of the
invention in which the primary switch 4 has been replaced
by a MOSFET 15. The secondary switches have been
replaced by MOSFETs, a MOSFET 164 replacing the switch
7b, for example.
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In FIG. 3 there is represented a third embodiment of the
invention in which the MOSFET 165 has been replaced by
two MOSFETs 1756 and 18b. The two MOSFETs 175 and
1856 are connected in anti-parallel.

In this embodiment control of either transistor by means
of a pulse width modulation signal enables passage of the
current in one direction or the other, i.e. charging or dis-
charging of the cell. This embodiment also makes it possible
to select the cell to be charged independently of the voltage
levels of the other cells and improves the balancing of the
voltage at the terminals of the batteries.

Thanks to the invention, active balancing of the voltage at
the terminals of the cells of a battery is obtained rapidly and
at low cost.

It will finally be noted that various reset modes are
compatible with the invention, notably by resonance, by an
additional winding or by an active clamp.

The invention claimed is:

1. A device for balancing cells of a battery of an electric
traction automobile vehicle, the device comprising:

a primary winding disposed in series with a primary

switch;

for each cell a circuit comprising in series a secondary

winding forming a transformer with the primary wind-
ing, a secondary switch, a coil, and a diode mounted in
parallel with the coil and the cell;

control circuitry to control the primary switch and each

secondary switch; and

a filter circuit disposed in series between the battery and

the primary winding.

2. The device as claimed in claim 1, wherein the control
circuitry is configured to generate pulse width modulation
signals for the primary switch and for the secondary
switches.

3. The device as claimed in claim 1, wherein the filter
circuit includes a capacitor, a coil, and a diode.

4. The device as claimed in claim 1, wherein the primary
switch and the secondary switches are MOSFETs.

5. The device as claimed in claim 4, wherein the second-
ary switches comprise two MOSFETs in anti-parallel.

6. A method of balancing cells of a battery of an electric
traction automobile vehicle by a device comprising a pri-
mary winding disposed in series with a primary switch, for
each cell, a circuit comprising in series a secondary winding
forming a transformer with the primary winding, a second-
ary switch, a coil, and a diode mounted in parallel with the
coil and the cell, and a filter circuit disposed in series
between the battery and the primary winding, the method
comprising:

providing the device, each said circuit for the cells, and

the filter circuit; and

generating a pulse width modulation signal for the pri-

mary switch or for at least one secondary switch.

7. The method as claimed in claim 6, wherein the pulse
width modulation signal is generated for the primary switch,
and the secondary switch of at least one cell to be charged
is closed.

8. The method as claimed in claim 6, wherein the pulse
width modulation signal is generated for the secondary
switch of at least one cell to be discharged, and the primary
switch is closed.



